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1.
( )
1
(DNS) $\frac{\partial u}{\partial t}$
$r$ 2 $\Delta u=u(x+r)-u(x)$
( 1)
(
)
( 2)
(intermittency) 2
?
DNS
$R_{\lambda}=202,$ $N=512^{3}$ 1 Kolmogorov
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$k^{-5/3}$ 1
3 Vincent Meneguzzi2
$(R_{\lambda}=150, N=240^{3})$ DNS
$\omega$
$\omega>\sqrt{2}\omega_{rms}$ $\omega\sim\sqrt{2}\omega_{rms}$ $\omega\leq\omega_{rms}$
3
$\epsilon$ $s_{\dot{\ovalbox{\tt\small REJECT}}}= \frac{\partial u:}{\partial x_{J}}+\frac{\partial u_{j}}{\partial x:}$
$\epsilon$
$\epsilon$ $\epsilon(x)$ $\epsilon_{total}$
4 $s_{ij}$
$\epsilon$
$\epsilon_{total}$
$J\triangleright$
( ) ( )
3
$S_{ij}$ $\alpha>\beta>\gamma$ $\alpha+\beta+\gamma=0$
$\alpha>0,$ $\gamma<0$ $\beta$
DNS $s\equiv(s_{ij}s_{ij})^{1/2}<s_{rms}$
$\beta$ $s>2s_{rms}$
3 2 1
$s$
$\beta$
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*\iota$\ovalbox{\tt\small REJECT}$
Burgers Vortex ( 5) 4 $z$
$\omega_{0}$ $r-z$ $(v_{r}, v_{z})=(\beta_{Z}\}^{-\frac{1}{2}\gamma r)}$
$\alpha$
$\theta$ $\beta$
$z$ $\gamma$ $r$ $v_{\theta}= \frac{2\nu(v_{O}}{\gamma r}\{1-\exp(-\gamma r^{2}/4\nu)\}$ , $\omega=$
\omega 0exp(-\gamma r2/4\mbox{\boldmath $\nu$}) \beta
3
(intermittency)
2. Mapping closure
$s= \frac{\partial u}{\partial y}$ $P(s)$
$s$ reference field $s_{0}$
5,6 $s_{0}$
$s$ reference field $s_{0}$ 1 1
$s=X(s_{0})$ $s$ 1 $P(s)$ $s_{0}$ 1 $P_{0}(s_{0})$
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( )
$P(s)ds=P_{0}(s_{0}) \frac{1}{\frac{dX}{ds_{0}}}ds$ , (1)
1 1 $\frac{dX}{ds_{0}}>0$ $s_{0}$
$s$ (mapping)
3 $P(s)$ 6
$\frac{D\omega_{i}}{Dt}=\omega_{j}\frac{\partial u_{i}}{\partial x_{j}}+\nu\nabla^{2}\omega_{i}$
$s\sim\omega;\sim\partial x_{j}$
$\underline{\partial u:}$
$\frac{Ds}{Dt}=s^{2}+\nu\nabla^{2}s$ (2)
$\Delta z$ 2
$\Delta x$ $s$
$s=X(s_{0},t)= \frac{\triangle u}{\Delta x}=\frac{\Delta z}{\Delta x}\frac{\triangle u}{\Delta z}$
(3)
$=J(s_{0}, t)s_{0}$
$J(s_{0}, t)=\triangle z/\triangle x$
(3) (2) $\nabla_{x}^{2}arrow J^{2}\nabla_{z}^{2}arrow k_{d}^{2}J^{2}$ $J$
$\frac{\partial J}{\partial t}=J^{2}|s_{0}|-\nu k_{d}^{2}J^{3}$ (4)
1 $s_{0}$ $\{s_{0}^{2}\}^{1/2}$
$J \sim\frac{|s_{0}|}{\nu k_{d}^{2}}$ $|s| \sim\frac{s_{0}^{2}}{\nu k_{d}^{2}}$ (5)
$s$ $s_{0}$
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$P_{0}(s_{0})$ (1) (5)
$P(s)=( \frac{\nu k_{d}^{2}}{8\pi\{s_{0}^{2}\}|s|})^{1/2}\exp(-\frac{\nu k_{d}^{2}|s|}{2\{s_{0}^{2}\}})$ (6)
DNS
(5) Vincent Meneguzzi2 DNS
5
7,8
1
3. Burgers $L$ Mapping closure
Bergers $\xi\equiv u_{x}$
$Du/\mathcal{D}t=\nu u_{xx}$ (7)
$\mathcal{D}\xi/Dt=-\xi^{2}+\nu\xi_{xx}$ , (8)
$\mathcal{D}/\mathcal{D}t=\frac{\partial}{\partial t}+u\frac{\partial}{\partial x}$ $\nu$ $u_{x} \equiv\frac{\partial u}{\partial x}$ , $u_{xx}\equiv$
$=\partial^{2}u\partial x$
(7) (8)
$P(u, \xi)$ 1
$Q(\xi)$
$u$ $\xi$
$P(u, \xi)=P(u)Q(\xi)$ (9)
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$Q(\xi)$ J
$\frac{\partial Q}{\partial t}+\frac{\partial}{\partial\xi}([\frac{D\xi}{Dt}]_{C;\xi}Q)=\xi Q$, (10)
$[$ $]_{C:\xi}$ $\xi$
(8) $[ \frac{D\xi}{Dt}]_{C;\xi}$ $\xi(x)$ BBGKY
reference field
(mapping) (closure)
6,9 Reference field $u_{0}$ 2
$u$ ( )
$z$ $x$ $u_{0}(z)$
$u(x)$ mapping
$u(x, t)=X(u_{0}(z), t)=r(t)u_{0}(z)$ , (11)
$dz/dx=J(\xi_{0}(z), t)$ . (12)
$7^{\cdot}(t)$ $J$ $\xi_{0}$
(11) (12) reference field $\xi$
1
$u(x)$
reference field
mappingX $(u_{0}, t=0)$ $u_{0}$
reference field mapping $[]_{C;\xi}$
(11) $u_{0}$ $u$ (11)
(12)
$\xi=\xi_{0}J(u_{0}, \xi_{0})\partial X/\partial u_{0}\equiv Y(u_{0}, \xi_{0})$ (13)
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$Q( \xi, t)=Q_{0}(\xi_{0}, t)[\frac{\partial Y}{\partial\xi_{0}}]^{-1}\frac{N(t)}{J(\xi_{0)}t)}$ (14)
$\frac{1}{N(t)}=\int_{-\infty}^{\infty}\frac{Q_{0}(\xi_{0}.’ t)}{J(\xi_{0},t)}d\xi_{0}$ (14)
$N(t)$ $\xi_{0}$ $\xi$
$1/J$ (
$\xi=\xi_{0}$ $z$ $x$
) $r(t)$
$dr/dt=-r\nu\{\xi^{2}\}/\{u^{2}\}$ , (15)
$\langle\xi^{2}\rangle=Nr^{2}\int_{-\infty}^{\infty}\xi_{0}^{2}J(\xi_{0})Q(\xi_{0})d\xi_{0}$
$J$ mapping $Q$
(1 ) (14)
$\frac{\partial Q(\xi,t)}{\partial t}+\frac{\partial}{\partial\xi}(\frac{\partial Y(\xi_{0},t)}{\partial t}Q(\xi, t))=\alpha(\xi, t)Q(\xi, t)$ , (16)
$\alpha(\xi,t)=\frac{\partial}{\partial t}\ln(\frac{N}{J})$ .
(10)
$\frac{\partial Y(\xi_{0},t)}{\partial t}=-\xi^{2}+\nu[\xi_{xx}]_{C:\xi}+\frac{1}{Q(\xi,t)}\int_{-\infty}^{\xi}[\alpha(\xi’,t)-\xi’]Q(\xi’, t)d\xi’$, (17)
$\xi=\pm\infty$ (8)
(13) (15)
$\frac{\partial J}{\partial t}=-r\xi_{0}J^{2}+\frac{1}{r\xi_{0}Q(\xi,t)}\int_{-\infty}^{\xi}[\alpha(\xi’,t)-\xi’]Q(\xi’, t)d\xi’$
(18)
$+ \nu\frac{[\xi_{xx}]_{C:\xi}}{r\xi_{0}}+\nu J\frac{\{\xi^{2}\}}{\langle u^{2}\}}$
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$[\xi_{xx}]_{C:\xi}$ (13) $x$ $z$
reference field
$\xi_{x}=r\xi_{0z}(J^{2}+\frac{\xi_{0}}{2}\frac{\partial J^{2}}{\partial\xi_{0}})$ , (19)
$\xi_{xx}=r\xi_{0zz}J^{2}(J+\xi_{0}\frac{\partial J}{\partial\xi_{0}})+r(\xi_{0z})^{2}(\frac{\xi_{0}}{2}J\frac{\partial^{2}J^{2}}{\partial\xi_{0}^{2}}+\frac{\partial J^{3}}{\partial\xi_{0}})$ . (20)
$\xi_{0}(z)$ { $\xi_{0}\xi_{0z}\rangle$ $=\{\xi_{oz}\xi_{0zz}\}=0,$ $\{\xi_{0}\xi_{0zz}\}=-\{(\xi_{oz})^{2}\rangle$
( )
$\xi_{0}(z)$ $\xi_{0}(z)$ $\xi_{0}$ $\xi_{ozz}$
$\xi_{0}$ Gaussian
$\xi_{0zz}=-k_{d}^{2}\xi_{0}+w$ (21)
$k_{d}^{2}=C_{2}/\{\xi_{0}^{2}\},$ $C_{2}=\{(\xi_{0z})^{2}\}$ $w$ $z$ $\xi_{0}$
$\xi_{oz}$ $\xi(x)$ $\xi_{0}(z)$ 1 1
$[\xi_{xx}]_{C:\xi}$ [$\xi_{0}$ zz]c:\mbox{\boldmath $\xi$} 1 1 (13),(20) $,(21)$
$[ \xi_{xx}]_{C:\xi}=-r\xi_{0}k_{d}^{2}J^{2}(J+\xi_{0}\frac{\partial J}{\partial\xi_{0}})+rC_{2}(\frac{\partial J^{3}}{\partial\xi_{0}}+\frac{\xi_{0}}{2}J\frac{\partial^{2}J^{2}}{\partial\xi_{0}^{2}})$ . (22)
(13), (14) $,(15),(18))(22)$ 1
$\xi_{0}<0,$ $|\xi_{0}|\gg\{\xi_{0}^{2}\}^{1/2}$
( )
$r| \xi_{0}|J^{2}\approx\nu k_{d}^{2}J^{2}(J+\xi_{0}\frac{\partial J}{\partial\xi_{0}})$ $(\xi_{0}<0,$ $\xi_{0}^{2}\gg\frac{C_{1}}{\mathcal{R}_{0}^{2}})$ . (23)
$J( \xi_{0}, t)\approx\frac{r(t)|\xi_{0}|}{2\nu k_{d}^{2}}$ $(\xi_{0}<0,$ $\xi_{0}^{2}\gg\frac{C_{1}}{\mathcal{R}_{0}^{2}})$ . (24)
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$Q( \xi, t)\approx\frac{N(t)}{\sqrt{2\pi C_{1}}}\frac{\nu k_{d}^{2}}{r|\xi|}exp(-\frac{\nu k_{d}^{2}|\xi|}{r^{2}C_{1}})$ $(\xi<0,$ $| \xi|\gg\frac{r^{2}C_{1}}{\nu k_{d}^{2}\mathcal{R}_{0}^{2}})$ . (25)
1 Burgers vortex
$\xi_{0}>0,$ $|\xi_{0}|\gg\{\xi_{0}^{2}\}^{1/2}$
$\partial\xi/\partial t\approx-\xi^{2}$ (26)
$\xi\approx\frac{\xi_{0}}{1+\xi_{0}t}$ $J( \xi_{0)}t)\approx\frac{1}{r(t)(1+\xi_{0}t)}$ $( \xi_{0}\gg\frac{C_{1}^{1/2}}{\mathcal{R}_{0}})$ (27)
$Q( \xi, t)\approx\frac{N(t)r(t)}{\sqrt{2\pi C_{1}}(1-\xi t)^{3}}\exp(-\frac{\xi^{2}}{2C_{1}(1-\xi t)^{2}})$ $(\xi<t^{-1},$ $\xi_{0}\gg\frac{C_{1}^{1/2}}{\mathcal{R}_{0}}I$ (28)
$(1-\xi t)^{3}$ $\xi>1/t$
$1/t$
$1/t$
4. Mapping closure
Mapping Closure 1
(12)
$x=f(z,t)= \int_{0}^{z}\frac{dz’}{J(\xi_{0}(z’),t)}$ (29)
$(z=0)arrow(x=0)$ $J>0$ $f$ 1 1
$z=f^{-1}(x, t)$ $\xi_{0}(z)$ $f$ $f^{-1}$
$u(x, t)=X(u_{0}(f^{-1}(x, t)),$ $t$ ) $=r(t)u_{0}(f^{-1}(x, t),$ $t$ ), $(30a)$
$\xi(x, t)\equiv Y(\xi_{0}(f^{-1}(x, t)),$ $t$ ) $=r(t)\xi_{0}(f^{-1}(x, t))J(\xi_{0}(f^{-1}(x, t)),t)$ , $(30b)$
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$u(x, t)$ $\xi(x, t)$
\langle $\xi(x, t)\xi(x’,t)$ } $=\Phi(x-x’,t)$ (31)
Mapping(30)
$\Phi(x, t)=r^{2}(t)\{\xi_{0}(f^{-1}(x, t),$ $t$ ) $J(f^{-1}(x, t),t)\cdot\xi_{0}(0, t)J(\xi_{0}(0), t)\rangle$ (32)
$k^{2}$
$E(k,t)= \frac{1}{4\pi k^{2}}\int_{-\infty}^{\infty}\Phi(x, t)e^{-jkx}dx$
(33)
$= \frac{r^{2}(t)}{4\pi k^{2}}\int_{-\infty}^{\infty}\langle\xi_{0}(f^{-1}(x, t),t)\xi_{0}(0, t)J(\xi_{0}(f^{-1}(x, t)),$ $t$ ) $e^{-ikj(z,t)}\rangle dz$ .
(
) (33) $\xi_{0}(z)$
inertial range
$\langle\xi(k, t)\xi(-k, t)\rangle\sim\frac{n(t)}{2\pi}\{\{\triangle u(t)\}^{2}\}$ (34)
$n(t)$ $x$ ( )
$\Delta u(t)$ $J$
$J( \xi_{0}, t)\approx\frac{1}{r(t)(1+\xi_{0}t)}$
$E(k, t)=k^{-2}\{\xi(k, t)\xi(-k, t)\}\sim\overline{k_{d}}\overline{k^{2}t^{2}}$ (35)
1 1
$t\gg\{\xi_{0}^{2}\rangle^{-1/2}$
10 $k_{d}^{2}\equiv\{\xi_{0}^{2}\}/\{u_{0}^{2}\}$
5. Mapping closure
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Mapping closure (13), (14) $,(15),(18),(22)$
(DNS) 9 J $Js$
$E(k, 0)=Ck^{2}\exp(-(k/k_{0})^{2})$ (36)
$\mathcal{R}_{0}=u_{0}/\nu k_{0}$ 5 15 (18)
$\partial J^{3}/\partial\xi_{0}$ $1/\xi_{0}$
6
$J$ Mapping closure ’
(33) (30b)
$2^{10}$ 1000 DNS
$N=2^{17}$ $k_{0}=0.1(\mathcal{R}_{0}=5),$ $0.02(R_{0}=15)$ 1
$2\pi/k_{0}$ 2000 400
20
7 $- 1\cdot 0$ $Q(\xi, 0)$
$\xi$ $Q$
11 $k12$ $\mathcal{R}_{0}=5,15$
$tv_{0}k_{0}=0,1,2$
$k^{-2}$ 13–20 $\mathcal{R}_{0}=5,15$
1 Mapping closure $Q$
Mapping closure
DNS
tvoko $=0.5$ DNS $\xi$ skewness
$Q(\xi, 0.5/v_{0}k_{0})$ DNS
$v_{0}$ 1/4 $k_{0}$
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{ $\xi_{xx}^{2}\rangle$ $/\langle\xi^{2}\rangle$ $[\xi_{xx}]_{C:\xi}$ Mapping closure
$tv_{0}k_{0}=0.5$ closure
6.
3
1 Mapping closure
reference field
7–1 $0$ $Q$
Mapping closure (36)
DNS
(18) $\{u^{2}\}$
DNS
DIA Kolmogorov $k^{-5/3}$
$k^{-3/2}$
reference field
9
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Fig.1 $r$ 2 $R_{\lambda}=536$ .
$r=0.6,7.7,17.2,$ $Omm_{o}$ Anselmet et al. (1984) X .
Fig 2 .
Fig.3 DNS $(R_{\lambda} = 150 )$ Vincent and
Meneguzzi(1991) at .
Fig.4DNS $S_{c}/\{S^{2}\}$ . Z.-
SShe et $a1.(1990)$ .
Fig.5 Burgers vortex.
Fig.6 $J(\xi_{0}, t),$ $\mathcal{R}_{0}=5$ . $tv_{0}k_{0}=0.5,1,1.5,2.0$ .
Fig.7 $Q(\xi)t),$ $tv_{0}k_{0}=0.5,$ $\mathcal{R}_{0}=5$ . DNS Mapping Closure.
Fig.8 $Q(\xi,t),$ $tv_{0}k_{0}=1,$ $\mathcal{R}_{0}=5$ .
Fig 9 $Q(\xi, t),$ $tv_{0}k_{0}=0.5,$ $\mathcal{R}_{0}=15$ .
Fig.10 $Q(\xi, t),$ $tv_{0}k_{0}=2,$ $\mathcal{R}_{0}=15$ .
Fig.11 , $\mathcal{R}_{0}=5,$ $tv_{0}k_{0}=0,1,2$ . Mapping closure;
DNS.
Fig. 12 ’ $\text{ _{}Js},$ $\mathcal{R}_{0}=15,$ $tv_{0}k_{0}=0,1,2$ .
Fig.13 , $\mathcal{R}_{0}=5$ .
Fig.14 , $\mathcal{R}_{0}=5$ .
Fig.15 Skewness, $\mathcal{R}_{0}=5$ .
Fig. $16<\xi_{xx}^{2}>/<\xi^{2}>,$ $R_{0}=5$ .
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Fig.17 , $\mathcal{R}_{0}=15$ .
Fig.18 , $\mathcal{R}_{0}=15$ .
Fig.19 Skewness, $\mathcal{R}_{0}=15$ .
Fig. $20<\xi_{xx}^{2}>/<\xi^{2}>,$ $\mathcal{R}_{0}=15$ .
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$F(?1$
$\frac{\ovalbox{\tt\small REJECT}_{r_{-- Aarrow\wedge}^{\frac{a\alpha}{at}}}l\Uparrow_{1,m\sim}\int_{\ovalbox{\tt\small REJECT}_{\backslash }}}{b_{t_{\alpha\prime\prime\prime}}}t$
$\mathcal{P}_{1^{11}}^{\cdot}.z$ .
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$r_{r\prime}$,
$s_{tx\prime r^{e\prime s}}r_{\sigma rte\kappa}$.
$r_{?}’.\ell$
166
$F_{l}^{\iota_{f’}/3}$ $F_{7’}^{c}’/t$
$F,y_{t}$ $F_{t^{\{7}}$ , $/d$
$\hslash_{?}(/7$ $\sqrt{},\backslash \beta^{J^{\prime’}}P$
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$\text{ _{}7}./$ $F_{t^{\iota_{?}}}220$
